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INTRODUCTION 

In  Che  present  study,  ve  are  interested  in  investigating  the  ability  of 
fiber  reinforced  composite  material  structures  to  resist  handling  and  Impact 
loading.  Indeed,  these  problems  represent  an  Important  element  in  assessing 
the  suitability  of  such  structures  for  long  term  service  utilization.  Accord¬ 
ingly,  the  present  investigation  is  directed  toward  the  development  of  a  technique 
to  predict  Che  strains  in  plates  which  are  induced  by  relatively  low  speed  (  0  to 
30  m/s),  hard  object,  transverse  normal  impact. 

We  have  considered  the  problem  of  the  low  velocity  Impact  of  a  beam  in 
several  of  our  previous  papers,  references  (1)  and  (2).  Specifically  reference  (1) 
showed  that  the  adoption  of  a  finite  impact  width  considerably  reduced  the 
number  of  terms  of  the  series  needed  in  the  numerical  evaluation.  Unfortunately 
the  work  of  Chou  and  Fils,  reference  (3),  indicated  that  the  theoretical  solution 
tended  to  overpredict  the  strain  response  by  approximately  20  to  30  percent. 

Thus,  in  reference  (2)  the  authors  considered  the  Introduction  of  a  damping 
mechanism,  l.e.,  a  viscoelastic  effect,  to  improve  the  correlation  between 
theory  and  experiment.  In  view  of  the  above  comments,  it  is  seen  that  all  of 
our  previous  efforts  have  been  confined  to  one  dimensional  problems.  To  remove 
this  deficiency  from  our  investigations  we  shall  consider  the  analysis  of  a 
special  orthotropic  plate,  i.e.,  we  shall  Investigate  a  region  of  two  dimensional 
extent. 

Recalling  the  complexity  of  the  damped  beam  problem,  reference  (3),  i.e.,  the 
computations  required  approximately  one  hundred  pages,  we  questioned  the  advisa¬ 
bility  of  proceeding  directly  to  the  solution  of  a  damped  plate  problem.  In 
addition,  it  was  our  considered  opinion  that  we,  as  yet,  do  not  have  a  complete 
physical  understanding  of  the  damping  mechanisms  which  occur  in  graphite-epoxy 
systems.  Thus,  since  a  sufficient  experimental  basis  does  not  exist  for  the 
damping  mechanism  investigated  in  reference  (2),  it  does  not  appear  reasonable 
to  expend  the  additional  effort  required  to  produce  such  a  complex  analysis. 

To  correct  for  this  inadequacy  in  the  theoretical  development,  the  time  varia¬ 
tion  of  the  mode  shapes  would  be  corrected  in  accord  with  the  results  determined 
in  the  damped  beam  investigation,  reference  (2) .  Since  the  undamped  theoretical 
solution  tends  to  form  an  upper  bound  for  the  experimental  data,  the  adoption 
of  any  damping  mechanism  will  improve  the  correlation  between  theory  and 
experiment.  Therefore,  in  view  of  the  previous  discussion,  it  was  decided 
that  we  would  limit  the  extent  of  our  theoretical  investigation  by  omitting 
any  consideration  of  damping  from  this  portion  of  the  task. 

It  was  discovered  that  the  theoretical  solution,  as  initially  formulated, 
exhibited  poor  numerical  characteristics.  Indeed,  one  of  the  subcases  of  the 
analysis  was  particularly  subject  to  numerical  instability.  The  reformulation 
of  the  equations  expanded  the  computational  work  to  approximately  three  hundred 
pages  so  that  none  of  this  latter  work  will  be  Included  in  the  present  work. 

Thus,  one  should  proceed  with  caution  when  attempting  to  work  in  this  area. 

Indeed,  it  is  the  authors'  opinion  that  duplication  of  the  equations  listed 
in  this  report  should  not  proceed  under  any  circumstances.  Additional  results 
which  avoid  the  numerical  Instabilities  are  obtainable  by  regrouping  terms 
and  employing  asymptotic  expansions. 
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This  report  extends  the  analysis  of  composite  structural  Impact  damage 
by  considering  a  body  of  two  dimensional  extent.  We  envision  that  the  theore¬ 
tical  solution  coincides  with  the  following  physical  problem.  A  mass  of  small 
dimensions,  possessing  a  given  velocity,  is  approaching  a  plate  which  is 
initially  at  rest.  During  impact  the  mass  transfers  its  momentum  to  the  region 
of  the  plate  with  which  it  is  in  contact.  This  information  is  utilized  to 
ascertain  initial  conditions  for  the  vibrating  system.  The  plate  and  impactor 
remain  in  contact,  over  a  fixed  rectangular  area,  during  the  remainder  of  the 
first  quarter  of  the  first  cycle  of  the  motion.  However,  the  theoretical 
solution,  since  it  considers  no  damping  mechanism,  must  be  empirically  corrected 
on  the  basis  of  damped  beam  theory,  to  account  for  the  effects  of  damping.  Thus 
the  solution  presented  in  this  report  accounts  for  off-central  impact,  provides 
the  exact  eigenvalues  and  eigenfunctions  for  a  simply  supported  plate  carrying 
a  distributed  impactor  mass,  and  it  is  empirically  altered  to  account  for 
material  damping. 


ANALYSIS 

From  Timoshenko  and  Woinowsky-Krieger«ref  erence  (4) ,  we  recall  that  the 
differential  equation  for  the  transverse  deflection  of  a  special  orthotropic 
plate  and  the  normal  moment-curvature  relations  are  given  by, 

RiWxxjuc  •¥  2.  H  Wiutyy  +  ^ 

M*  *  —  (  D*  W**  4-  D,  Wij«j  ) 

—  C  -f  D,  W"xx  )  (l) 

where  Dx,  Dy  ■  flexural  rigidities  in  the  x  and  y  directions 

-  flexural  rigidity  associated  with  Poisson's  effect 

H  -  flexural  rigidity  associated  with  Poisson's  effect  and  shear 

Mx,  My  ■  bend inf  moment  per  unit  length  in  x  and  y  directions 

q  »  transverse  load  per  unit  area 

w  ■  transverse  deflection  of  the  plate 

x,y  ■  distances  measured  along  the  x  and  y  coordinate  axes. 

Note  that  in  the  previous  equation,  subscripts  are  utilized  to  denote  differen¬ 
tiation  with  respect  to  the  variable  so  Indicated.  In  accord  with  ou-  previous 
work,  references  (1)  and  (2) ,  it  is  assumed  that  the  impacting  mass  remains  in 
contact  with  the  plate  during  the  initial  phase  of  its  motion;  thus,  in  view 
of  equation  (1)  the  equation  of  motion  for  a  plate  carrying  a  distributed  mass 
may  be  written, 
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Noting  that 
effectively 
point  (c,d) 
assume  that. 


the  functions  [U(x-c+e^)  -_U(x-c-e^)3  and  [U(y-d+e2)  -  U(y-d-e2)] 
limit  the  contribution  of  w  to  the  neighborhood  of  the  impact 
in  accord  with  our  previous  work,  references  (1)  and  (2),  we  shall 


Sw;(c,<J,p)[U(x-c4-«,i-U(x.-c-«1^[l)(rJ+£1)-U(*)-d-£»)l 


Introducing  the  previous  approximation  into  equation  (5),  we  find, 

D*  Wioxx  -V  X  H +  IX)  ^  yO  W  p*  VT  (6) 


where  Cj : 


M  _ 

4  exz 


Next  we  define  the  finite-sine  transform  by, 
zw  >>  b 

f  (*,*,*)  (7) 

where  f(x,m,t)  -  finite-sine  transform  of  the  arbitrary  function  f. 
m  ■  finite-sine  transform  parameter 


Further,  we  recall  that  for  the  problem  of  a  simply  supported  plate  the  boundary 
conditions  along  the  edges  y  ■  o  and  y  *  b,  i.e.,  equation  (1),  may  be  written, 

*rU.o,0  -  Yr(x,fc,t}-o 
MijU.o,*) «  *  O 

However,  since  we  have  adopted  a  sine  solution,  i.e.,  equation  (7),  it  may  be 
shown  that  the  deflection  function  satisfies  the  following  conditions, 

wCx,©,*)  »  vr(x, b,V) «  O 
vr«  (xAM  a  w^(x,o,t)  -o 

These  latter  results  imply,  in  view  of  equation  (1),  that  My(x,o,t)  -  My(x,b,t)  -0 
and  therefore,  a  sine  expansion  of  our  function  satisfies  the  boundary  conditions 
Imposed  along  the  lines  y  ■  o  and  y  *  b.  Thus,  it  is  admissible  to  employ  the 
finite-sine  transform,  i.e.,  equation  (7),  on  the  equation  of  motion,  i.e., 
equation  (6),  to  obtain, 
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-a  £  (¥)**«  +  [*£  P4+ ft 

»CK[C3-C4piv5:(c,d>p)l[U(K-c+£,]-U(x-c-£l)) 

"h“*  Cj  =  ^  +  5R7To^v 


(8) 


4£l£i  0, 


C*n  m  Su<,  3u( 


TTHci 


Finally,  we  Introduce  the  Laplace  space  transform  by, 

ji'5* 

J  e^vrCx/^tW*  (9) 

where  s  *  space  transform  parameter 

w(s,y,t)  ■  space  transform  of  transverse  deflection. 


Utilizing  the  Laplace  space  transform,  i.e.,  equation  (9),  on  the  basic  system 
equation,  i.e.,  equation  (8),  we  discover  that, 

s+5P  —  3*v?  (o,m,p)-s1y^(o,«1rt-3Wi*lo,m1p)-v*»x(0.,*iP) 

=G,[c,-c<.p,s:(e1d,p)]ie'c*(et,5-e'<'1)  <io> 

However,  it  may  be  shown  that  the  boundary  conditions  along  the  edges  x  =  o 
and  x  -  a,  i.e.,  w(o,y,t)  -  Mx(o,y,t)  -  w(a,y,t)  -  Mx(a,y,t)  -  0,  are  equivalent 
to  the  conditions, 

wr(<  ,*,P)  ^  W*  (<*.,*<  ,p)  -  O 

wtcV  ,*,p)  =  wVxU,*n,p) *  o  (ID 

Applying  this  set  of  boundary  conditions  to  the  equation  of  motion,  i.e., 
equation  (10),  and  performing  some  algebraic  reduction,  we  have. 
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57s  1 1  PTj  ~  3&S (o,«,p) 

+  [frzcL~  ~s£r*  (*,*>?) 

+  GK[C5-Cfp,v?(cj<l)p)]* 

c**)  (i2) 

where  0.=  ^  p*  ¥ 

*  -  k  (*?)*-  W^ru&^ffj7 

Inverting  the  equation  of  motion,  i.e.,  equation  (12),  with  respect  to  x,  we 
obtain, 

•  w\  (o^p ) 

f  [keaakWot^M-W^UVxcwWx.]  Sow.  (o,i*,fO 

+  h^fe[cs-C+P*Wr(cAp)]' 

•  ( #uik  v  (*-€**») SiK^(x-C 4 £,) 

+  2kr W  f  |-C*«V k(X-C+£,)  CoS k (X-C+O  \ ]  \J (X-C  +f4  ) 
-[(Vl-kl)3tttk  MX-C-f,)3utk(X-C-£i) 

+2W  )  l-fi»skW(X-tf-£,)CrtWU-C-£,)[]  U(x-C-£,))j(13) 

where  V  -  \i  f*  +  fe  (*g  )T  +  *  4  W 

In  accord  with  our  previous  discussion,  the  solution  represented  by  equation  (13) 
must  satisfy  the  boundary  conditions  along  the  edge  x  ■  a  expressed  in  equation 
(11).  Differentiating  equation  (13)  twice  with  respect  to  x  and  utilizing  the 
results  in  the  boundary  conditions  along  edge  x  ■  a,  it  is  possible  to  determine 
expressions  for  Wx(o,m,p)  and  wxxx(o,m,p).  Substituting  the  results  of  these 
calculations  into  equation  (13),  we  conclude  that. 
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/V 

I"”  Sudk.*W-A+-  aut*l*A 

•(Vt^  (V+3K.a  )  +  Jl,  (W4*V)]  ttrit  WX.  autl** 

+WC  [ J.  ( *Wa-Ka )  -  Jl,  ( S.*+ka)]  auJt W >t  fioskx  ) 

+  2W*([Cfr -«*)  sutk^fx-  c+M  jut  V  (x-c+e,) 

+2WK.  { I- felt  ir  fX-C-V€,)«»W^-C^C,)H  U U-CV£,) 


-[(Wa-I^)M  v(x-c -«,)  **V(x-c-0 


+ 2  WK.  { l-  CrtliW-(X-C-(fl)  CrtK(  x-c- €x )  \]  U  (  X-C-f)^j  ( 14 ) 

where  A j  »  JutiiW(4-C+*i)3mWfa-C+£|^-*utWWfa“C-C|)  Sut^CArC-f,) 

Oc  =c<rtUkCa-cH')c«W(4-cU4')-fl(rti«W'(4-c-£,)  c^WU-c-a,) 
(W^j-WJU^  JutItVACflaWA-(kttt.sVW'»fle)  C*sWk|rfta»tlnfl. 

Jli  »(k-4,  VW.Jlt')aitWVftC«»Wu4.+(^‘A9-WJU)Q»\t  M  *» iW*. 

Inverting  equation  (14)  with  respect  to  y,  we  note  that, 

*  [Cs-C^irCc^f)]* 


t _ 

tat  W*K4(V*VK»)* 


<«A*  fcr  A  +  *  ^  *Ik  A 


•( Sr  [  (-V^aVi*)  Jl«  4-  (wSl**)  Jl|  1  Cask  l*x  Sutkx 


-  9  - 
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[kv*- W* )  Jio  -( W*+k*)  Ji,]  Ju-lit  W-x  Cli  wx  ) 

^w(UvW)3uJtV^-c^03utW^-e40 

4 2VK  { \-  cacU  V(*-c*£t}  cbs  *(x-c  4£fl  \  ]  U  (x-  c  v* ,) 
-[(V-W4)  aJtVCx-c-Oau«.Ui(x-c-€,^ 


4.zVW\l-<^VW(x-c-e,)^t*‘c‘e»)fl-  ,  (15) 

•  UU-c-O  )  J 

To  continue  our  solution,  we  evaluate  equation  (15)  at  the  impact  point,  i.e., 
x  •  c  and  y  •  d,  and  solve  the  resulting  expression  for  w(c,d,p).  Introducing 
the  result  of  this  computation  into  equation  (15)  we  finally  obtain  the  time 
transform  of  the  transverse  displacement,  or, 


c3 

I  t  t*  T2 
*  '  tr  r 


(16) 


"here 


1  «utk*hr4  l  si**  !»,[&, 

•<W[CV^W^JUV(W4vKa)Jl,]crtyiWxs^)(. 

4bL  t  (3^-  Wl)  Ji*  -  (V-V  Wa)  Jl\  \  WkW*  X.  &$  W  K } 

4  2VV^lO»ra-W*)  *«JkV(x-c40  **  \kC*-«*«\) 

+2VW  \l-crikW><x-cWi)flHW(x-cV€,^]  U(x-<4£|) 


-  [(^r4-'*i.a)  ^(X-C-O  JUa  K  (x-C-  <» 'J 

+2W*  {l-ca*  Vk-c-^cwVU-c-c,^]  UCx-c 
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"  **k»Wr*+WWiA.  * 


+k[^V)  JI.I^vccmWC  | 

l)*  s  2*r\  |  Ur2-^)  ^AMJkW^j 

4-*M»v  (  1- C*V»  I*.  £t  0*1*0  | 


A**  (/*•**  *J«0 


To  complete  this  investigation  ve  must  invert  equation  (16),  i.e.,  the 
Laplace  transform  of  the  transverse  deflection,  and  obtain  the  time  response 
of  the  system.  In  reality  we  are  concerned  with  the  curvatures  of  the  plate 
and  not  the  displacement;  however,  since  the  technique  to  ascertain  either  is 
identical,  we  shall  consolidate  our  considerations  and  only  discuss  the  simplest 
of  these  quantities.  To  accomplish  the  above  stated  purpose  we  must  utilize 
the  complex  inversion  theorem  for  Laplace  transforms.  However,  an  inspection 
of  equation  (16)  indicates  that  it  is  necessary  to  extend  our  discussion  beyond 
the  time  transform  parameter  p  and  include  the  variables  br  and  bi,  where  the 
relations  connecting  br  and  bi  with  p  are  recorded  at  the  end  of  equation  (13) . 
To  assist  in  this  process  the  correspondence  between  the  usual  indented  path 
of  integration  in  the  p-plane  and  the  corresponding  paths  in  the  br  and  b^  - 
planes  are  indicated  in  figures  1  and  2.  It  is  of  particular  importance  to 
observe  that  figure  1  declares  that  the  path  of  integration  in  the  br-plane 
is  dependent  upon  the  flexural  rigidities  of  the  plate.  Therefore,  in  view  of 
the  different  paths  Indicated  in  these  two  figures  it  is  necessary  to  subdivide 
the  general  solution  into  the  following  three  cases: 


1)  both  br  and  b^  are  imaginary. 

2)  br  is  real  and  b^  is  imaginary. 


3)  br  *  o  +  16  and  b^  ■  6  +  io 


-Kfcpf*  *$*(*)*  yi+w*j 


p 


where 
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Next,  we  require  the  location  of  all  of  the  singularities  which  lie  within 
and  on  the  contours  depicted  in  figures  1  and  2.  Since  the  present  analysis 
neglects  damping,  the  singularities  should  lie  along  the  y  axis  of  the  p-plane, 
thus,  we  need  only  consider  points  on  the  contours  depicted  on  the  various  dia¬ 
grams.  The  frequency  equation  is  obtained  from  the  denominator  of  equation 
(16),  i.e., 

x*1*  as) 


f 


(17) 


where  x  "  frequency  equation. 

Zeros  of  the  frequency  equation,  i.e.,  equation  (18),  were  determined  by  writing 
a  computer  program  which  reflected  the  correspondence  between  the  p-plane  and 
the  br  and  b^-planes  as  expressed  in  the  three  previously  defined  cases.  A  sum¬ 
mary  of  all  of  the  equations  needed  to  perform  such  computations  is  included  in 
appendix  A. 

In  order  to  terminate  our  investigation,  it  is  necessary  to  determine  the 
residue  of  the  function  w,  i.e.,  equation  (16),  at  each  of  the  zeros  of  the 
frequency  equation,  equation  (18).  To  determine  the  residue  of  w  requires  the 
derivative  of  x»  hence,  recalling  the  results  of  equations  (16)  and  (18),  we  find. 

For  the  convenience  of  the  reader  all  of  the  expressions  recorded  in  the  above 
equation  are  summarized  in  appendix  A.  Specifically,  this  appendix  includes  the 
general  expressions  for  all  of  the  derivatives  in  addition  to  the  transformation 
of  all  the  functions  and  their  derivatives  to  the  forms  required  by  the  three 
previously  defined  cases. 

Finally,  utilizing  the  complex  inversion  Integral  for  Laplace  transforms 
and  suitably  correcting  for  the  transformation  between  the  p  and  br,  bj  variables, 
we  obtain, 

£  ^ 

vr(x,%*}»  x  X>  '"*■  ffHAPet  (20) 

*  *  Y  n 
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where  py*  Imaginary  part  of  p 


^  5,uS?)  ($)*}  1 

Note  that  although  all  of  the  equations  between  equation  (16)  and  equation  (19) 
are  complex  expressions,  equation  (20)  is  presented  in  real  form,  i.e.,  in  the 
form  in  which  it  is  employed  in  the  numerical  processes.  Values  for  the  real 
functions 


may  be  found  in  appendix  A  corresponding  to  the  three  different  cases. 

Although  equation  (20)  represents  our  solution  of  the  plate  Impact  problem, 
in  view  of  our  previous  work  (reference  (2)),  we  recognize  its  insufficiencies 
because  of  the  neglect  of  damping.  Since  the  present  work  required  approximately 
three  hundred  pages  of  computation  it  is  unlikely  that  the  extension  to  include 
damping  will  be  attempted.  However,  since  equation  (20)  appears  to  act  as  an 
upper  bound  solution,  we  shall  modify  it  by  the  Inclusion  of  an  exponential 
factor  which  decreases  with  time  in  an  attempt  to  Include  the  effect  of  damping. 
Thus,  we  shall  modify  equation  (20),  in  accord  with  the  results  recorded  in 
reference  (2),  to  obtain. 


vr(x,«vtw  E  -^hr"  <2i) 

where  k  «  constant  reflecting  the  equivalent  damping  of  the  vibrating  system. 

The  solution  represented  by  equation  (21)  and  all  of  its  similarly 
corrected  second  partial  derivatives  was  programmed  for  numerical  evaluation  on 
a  digital  computer.  However,  it  is  Important  to  record  that  the  equations  pre¬ 
sented  in  this  report  are  not  numerically  stable  and  considerable  additional 
effect  is  required  to  construct  numerically  stable  equivalences.  In  particular, 
case  2  is  subject  to  considerable  difficulty  so  that  one  should  contact  either 
of  the  authors  before  attempting  to  employ  any  of  the  equations  listed  in  this 
report.  Computational  data  were  obtained  from  the  experimental  results  presented 
by  P.C.  Chou  and  W.  J.  Flis  (reference  (3)).  The  results  of  the  experimental 
tests  and  the  theoretical  calculations  are  presented  in  tables  I  through  III 
and  figures  3  through  17. 

It  is  of  general  Interest  to  observe  that  the  correlation  between  the 
exponentially  corrected  solutions  and  the  experimental  results  are  reasonably 
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good.  Indeed,  most  of  Che  empirical  information  lies  between  or  near  the 
solutions  corresponding  to  the  two  selected  values  of  damping  indicated  in 
the  figures.  Only  in  the  case  of  plate  series  B7  is  there  an  obvious  disagree¬ 
ment  between  the  two  sets  of  results.  Fortunately,  Chou  (reference  (3))  has 
published  the  photographic  record  of  the  strain  response  for  this  particular 
investigation  and  it  may  be  seen  from  these  results  that  the  experimental  data 
exhibits  a  behavior  that  is  Incompatible  with  the  theoretical  characteristics 
of  our  model.  Thus,  it  would  appear  that  an  agency  of  unknown,  but  dissipative, 
origin  was  operative  during  this  particular  set  of  tests. 
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TABLE  I  -  Experimental  and  Theoretical  Values 
of  the  Strain/Unit  Velocity  for  B  Plate  Series 


'  4,  -4°  / ■£ 
o  *  /  £> 

O  3  \*3 

>V  A*’-*  / 


£xx/V  X  10  , Sec/M 

' - V 

K,  Damping  Constant  / 


/25xlC~%0OxlO  V 


fiyy/V  x  10-3, Sec/M 

r~- . 

K,  Damping  Constant 

/ >5xlO"/lOOxlO'6 


0.453|  1.73  |  1.58  I  2.01  I  1.49  I  1.37  |  2.33  3.22  2.28  2.10 


2.18 


2.45 

1.10 

2.99 

1.24 

1.73 

1.58 

2.45 

1.54 

2.99 

1.74 

1.73 

2.57 

1.73 

0.90 

2.45 

0.90 

B2  1  0.2281  1.73  I  0.90  I  1.23  I  1.02  J  0.87  I  1.11  I  1.69  1.37  1.12 


1.31 


0.453 

1.73 

1.57  1 

1.85 

1.36 

2.04 

2.52 

2.04 

0.907  I  1.73  I  2.23  I  2.66  I  2.26  I  2.11  3.19  3.66  3.01  2.78 
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TABLE  I  -  Experimental  and  Theoretical  Values  of  the 
Strain/Unit  Velocity  for  B  Plats  Series  (Continued) 
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TABLE  II  -  Experimental  and  Theoretical  Values 
of  the  Strain/Unit  Velocity  for  F  Plate  Series 
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TABLE  II  -  Experimental  and  Theoretical  Values  of  the 
Strain/Unit  Velocity  for  F  Plate  Series  (Continued) 
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TABLE  III  -  Experimental  and  Theoretical  Values 
of  the  Strain/Unit  Velocity  for  H  Plate  Series 


£  & / 4^0 


£  xx/V  x  10  , Sec/M 

r - 7 

K,  Damping  Constant  / 


fyy/V  x  10-3, Sec/M 

r - 

K,  Damping  Constant 


r 

/ 

77- 

/25xl<T 

/4oxio" 

f 

/  0 

25x10* 

7l  00x10 

HI 

0.228 

1.73 

0.57 

1.41 

0.74 

0.56 

0.47 

1.36 

0.72 

0.54 

2.45 

0.60 

0.49 

2.99 

0.68 

0.55 

0.453 

1.73 

1.05 

1.92 

1.18 

0.95 

0.91 

1.86 

1.15 

0.92 

2.45 

1.10 

0.96 

2.99 

1.11 

0.92 

0.907 

1.73 

1.62 

2.48 

1.78 

1.52 

1.39 

2.41 

1.74 

1.48 

2.45 

1.62 

1.42 

H2 

0.228 

1.73 

0.59 

1.23 

0.70 

0.53 

0.55 

1.03 

0.54 

0.39 

2.45 

0.63 

0.57 

2.99 

0.64 

0.59 

0.453 

1.73 

0.75 

1.63 

1.16 

0.93 

0.67 

1.35 

0.91 

0.71 

2.45 

0.94 

0.78 

2.99 

1.04 

0.87 

0.907 

1.73 

1.40 

2.18 

1.68 

1.51 

1.10 

1.85 

1.29 

1.16 

H3 

0.228 

1.73 

0.58 

1.01 

0.54 

0.41 

0.56 

1.08 

0.64 

0.51 

2.45 

0.59 

0.56 

2.99 

0.60 

0.55 

0.453 

1.73 

0.70 

1.36 

0.95 

0.74 

0.75 

1.47 

1.11 

0.89 

2.45 

0.78 

0.86 

2.99 

0.79 

0.87 

0.907 

1.73 

1.26 

1.91 

1.40 

1.22 

1.39 

2.10 

1.63 

1.44 

1  2jA5_ 

1.47 
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TABLE  III  -  Experimental  and  Theoretical  Values  of  the 
Strain/Unit  Velocity  for  H  Plate  Series  (Continued) 


wxx/V  x  10-3,  Sec/M 


Cyy/V  x  IQ"- . 5ec/M 


t  f/ct* 

///& 


K,  Damping  Constant 


K,  Damping  Constant 


H4 

0.228 

1.73 

0.65 

t _ 

1.09 

J. _ _ _ _ 

0.51 

0.33 

r 

0.54 

1.01 

0.46 

0.31 

2.45 

0.65 

0.54 

2.99 

0.66 

0.53 

0.453 

1.73 

0.80 

1.48 

0.81 

0.55 

0.71 

1.38 

0.77 

0.52 

2.45 

0.84 

0.73 

2.99 

0.87 

0.76 

0.907 

1.73 

1.37 

1.77 

1.17 

0.92 

1.19 

1.67 

1.11 

0.88 

2.45 

1.31 

1.04 

22 


Comparison  Between  Theoretical  and  Experimental  Results  for  Plate  Series  B2 


•test  points 


Comparison  Between  Theoretical  and  Experimental  Results  for  Plate  Series  B4 


test  points 


Comparison  Between  Theoretical  and  Experimental  Results  for  Plate  Series  B7 


Comparison  Between  Theoretical  and  Experimental  Results  for  Plate  Series  FI 


Figure  11  -  Comparison  Between  Theoretical  and  Experimental  Results  for  Plate  Series  F2 


•test  points 


Comparison  Between  Theoretical  and  Experimental  Results  for  Plate  Series  F3 


Comparison  Between  Theoretical  and  Experimental  Results  for  Plate  Series  H2 


Comparison  Between  Theoretical  and  Experimental  Results  for  Plate  Series  H3 
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APPENDIX  A 


FUNCTIONS  NEEDED  FOR  THE  EVALUATION  OF  THE  SOLUTION 


A-l 
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GENERAL  REPRESENTATION  OF  TIME  TRANSFORMED  FUNCTIONS 
Note  Chat  functions  defined  in  the  text  are  not  repeated  in  this  appendix. 

*  U-C  +  Ot. 

4*StuUW(ft.“C4-0  cosi*.(a.-c^05p] 

“Cd-C  -  CjsV.  U>(  A.-C-fi'i  5iu.lot(  CL-c-^i') 

■'"Swik  Iv(A-C-f-j')  Cos  IplCI-C-^  ] 

« (a-c+6\)[  suAt  W(^-cA-^l')  ctftbtC <k-c^6\) 

-  Cftslt  W(4-“CV  G\)  5cucW (A-C  +  6^)  ] 

1  u, 

-( i-c  -Olau^WU-C-OcoslDcU-c-e^ 

-  SucW(fl.-c-0^] 

-  [  5^ Jlc+-  ]  StaWW^ 

A-  Cl(lvJU“biAfcM  ) 

“[3^^v^jicvv^vw ^ ]  eosVw-a. A^a 

-  W  JtcM*ttk  V4.  +■  OrtWlvA  CosWA-^p  ^ 
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=  3ucl<  Vo.tosW<X 

4-  d(W  Jls  •V^Jlt)(Cas\<i  VA.  Co^A.^-SuAi<WA3utWA.^:) 

+[ ^ JI5- CosltWa.3tuX<A 
4*  a(W^-»-W^(^ uAtVasiaW^^^co^WA  cr&Waaf ) 

_ £ _  •  .  ttk<t3  •  «  r«K(i 

d?  ^TPbffwTv^  3ul  b  3ut  "V* 

•  [tt(3W*t  \**)  3^r  4-  W  (W44-*Wt4)  ^  ] 

^  Suibie, 

4*4WK  ('a'-1cj>  4“V^jj’)(\-flo&V*i 

4'€,WW(|va-'oi?)[cD5WW^|3u(^^1  5^  +  3uiltWf|  &s\f\  afp] 
4-3r,W*Wl[-s«MUW^i  Oo<K^t su4.Wf>  3p  ]  ^ 
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~  U^WA.A'kvt'w a.)4 


W4+3^JU  4-(k**WV,]  ^WCtf'utWc 


A* k  ^(■3V1-*k3)Jk"'(k4A-k1)  3utkW*C  oosWC  j 

\ 

( -Siyllt*  W  A  A-  in*  t»u<L) 

*|[(”3via^’^3Ka^’  ^Wk  a^)iA© 

A-l^W’a^ArW*  ^A-^lvk  JitjcoaVikc  3utWc 
■'■w{.(-v?4'sW‘*)a^2^(wHk5)  ^  ]c^Wwc3uxkc 
*"  [(<*vki^  -3ka  )JU 

+  (-aWk,3^-Vl  J  ^utkW-C  CoSkC 

A-  k  t  (aw1-  k*)^  -  (kAk*)  3^'  ]  3uii<  VC  Cos kc 


+cw  [(Va.  3k1)  JkA-  (W2+  k1)  JivV 


*[3u<\tWC  SuLkC  d^f+CDsWe  COSkC  a^] 

+  ck  t  ( 1W1  -  W3}  JU  -  ( Va+  k3)  JL,  ]  • 

•[  cosVvc  coskc  ^--su^wc^kc  a!^  ]  | 
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REPRESENTATION  OF  TIME  TRANSFORMED  FUNCTIONS  CORRESPONDING  TO  SPECIFIC  SUBCASES: 

Case  1  - 

W  - 

fei.  =•  L  le  f 

=  -[ but  V* l &.-C  k- C 4 f I'i  - ( *'C  - 6^  kV  f  A-C-  6^] 

Jlc“  Ccsl*  (4-C4^CosWWVfl.-C4-£,v) 

JU  *  - [  a  W'A. -  ( kM* J* WVJlc^  <*»  VV*uk  vV  ] 

Jlj  *  ”  [(V^JLs SulW^O.  WV  V  ( W\iU  Cos  kV  swcV  ] 


1  .  VH*t  j  tVHtd  ^  TTMIA 


•(w*[(VlV3WV4)JU>V(w*aV^J)Jl,)cosWVxsuA.l^x 
+  k* [  ( *WU-  WU)  JV -  ( V*a t-  k^)  i*.  ]  **<  V*  x  flrtk  *  ) 

-  afcr\k k*a)««Ak^'CA-€i') *uk\£u-c v*x) 
J^-CBsVfU-cv^Ca^VjCx-cVtfi^l] 

-  [(s*-k^  siu W >*(x-c-0  kv( x-c-O 

-2^kV  { 1  -  CrtVr  (x-c-tf^Cadikty  x-C-tf^  ]  U(  X-C-<f, 
**  M^VM**4***)*  3wC  b  **  to 
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• ;  W*  [  iV'tj^U ]  to*  W*c  suAt  V*c 

+  Wk  U»WM-  W*J)JU-  Jl ,  1  »*  V*C  cosW  W+c 

An  =  -  JwV  |  (V4i- Vki)  mV  V^f, 

-jW'W1  ( '-  <ViW''<=,  tod<  V*f, )  | 

sr-sb-^i-^pi^tT)4^?, 

(■^)  -  (^-c4-^')[cos\^(ft.-c-Vf^«u*k 3p 

oskW^Ca.-c-Vf^  3^] 

-(A-C-^[c«W*(A-C-0^aliW^A-C-03p 

^5u4-W^<i-c-0  c«sUW^A-c-f|)  ] 

(a^)  "  (A-CA-Ot  ^utW^U-cA-f^CeskW^a-cA-^ 

-  C«S  V^(4-c4-f  ^  3w^t  bv^  ( A-c  V  f, )  ^  ] 

-( a-c-^ )  [*3*V(  *-c-*i )  cb^sW  b^-c-O  5^ 

-C*sW^(  W^r^-C-fl')  3^  ] 
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df  *  «•  ilf) 

(^)  +W4(^5)  ]  3ut  1**0.  Cask  k^a. 

4.0*^ J2*  "H.^\Ac)(  CoS  W^A.  Cosk  W^fl.  3j»  SuA^fl.  Sutlt  ki^A  ) 

-C^a.+tfrju-^(f  )*-w*(^)*]  e«k?t  4* 

-  4.  (loi^Jls  •V’W* AcX“  3ut  W*A3u^k  WV  3^" ^  COS^A.  C*«kW*0.  ) 

*f*“  ilaf1)* 

(a^)  “  [  )*]**^t.  c«Wl>,V 

4-  d  (*vJU  ^Wt’jZcVcoi WV Co*U W*«L  TSf  4-  si*  ^ a  3u<k (9^4,  ^  ) 
+[s^JU  “  3^  «^C  fei  t^f  )*]  Cos  W*A  Sulk  k^a 

+*  4.(W*JL|  Xc)(- cm.)* Ol  au*kk*A.^^CeiVrrfl.Cosk  ) 

(^)  *  'n[V,<v(w,1vk,»>)1‘  **■* njr • 

(iq»)  *2 1 [\>,v( 3v? !- vw) ^ *-W*C w*1- 3 ^ } jut w*f  1 3u»v y+f , 

-  (k*  3^T  *  V*  a^]( fes *1  Artk  WV, ) 

Vf,V*K?  (ww-kif‘,)[o«vy  su*VtWV»tij>  ^sutVV,Oo^fi>iV,  0] 
4-aff,WV4kva[-su^Wvtf,cc(5UWv^  ^  cwVv*»  swkfctV 1  ^  | 
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-  i  (f  f 

•  | W*[(V’+  JK“)JU+OvHwu) Jt,]  Cosk*c atukK*C. 

4-b>[(sH!'1.tlW)vlo  -  tith  wM)  Ji, }  i* v*c  chW  k*c  { 

4.  -.  -— L - 

W*CL  V  3u<k*  )f£CL 

•  j  - [3(-W«^  +VJa*4- <wVa^ ) JU 

+(5bJ'<  3^  V  biV,^f  +ivV'|-jf)li,  ]  c«W *C  Si*k  k*C 

*  w*  [(-Vwt-  lk*\  ]c«w*c  3utk  k*c 

-t3(iWV3^+W**^-kwa^)Jo 

k  J-,  J  sot  v*c  caskk^C 

+  bi*  [(Jk«-UMK^)*-  kM)(  ^>)‘]  at*  Wvc  cask  kkc 

-cW4[(-ar‘^3kkJ)Jk,+(V*Hk“)Jl,]- 

•(  -  jo*  W*c  auck^c  3^  -t-  cas  W*o  cask  kkc  sp  ] 

•[tasVkc  coskk^c  j^T  Vjuckkc*ut.kkkc  ]  j 
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Case  2  - 
bi  =  i 


JI4  *  i  Jla 

Jit  -  "$uCq.^((L-c\ei)  5utkW^(  -  su<XW{  A-c-tf^aoikk^A-c-fi) 

Jl*  »  Co$\<  V ( A-  C  +  €■, )  cosk  KV(  a-c  +  f ,  )  -  Co*Vi k- ( 4- c -  € , )  cosk  ^ ( A- C- - f,  ^ 

Jls  —  t  Jle 


Jto  •  OvJls -\^\Ae)  sink  V-A.Ottkkifyl-  (-lo^JlaV  Cosk  V  dL  Sulk  l^A. 


Jl.j  —  ivA» 


jl*  **  0vJl*vi^Jlc)du<kk.4eoskk^4-(^^^V^)£&skb4-si*kk^fl. 


.1 - ! - 

I  ‘Swl^  V 1 -5U4  W^k^O. 

•  {-  V  [-  0+  43b**) jt? V  ( V*-  WW)jtf  ]  Co*l<  W  *  S**k  W*X 
-aW^^[^^3)«U^V^-C+£;,,)5»vilt^(x-C+6|) 

+ iV '•t' 1 1  -  cosh  w  C X- c  4- ^ )  cosk  ^(  x- c  4  f  1 ")  ^ ]  U  {x- c  V 

-  [hfS ^  *u<k  V  U-c-^  ^vtk^Cx-c  - 5, ) 

4-aM^  { l  -  eosVV(x.-c-  *\)  c^kV^x-c-f  1)  j  ]  U6<-c 
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\M  =  —  — --  J  TMfi  -  4  1T»td 

*  *nW-aww(v*-vi)Jl  “5"***  — 

=  _ _ i_ 

/Avn  awtk4***/ 

•)  Vt-lW'vs^Jj^viw'-v*1)  Jl*]  CosVWcUw+c 

"*<  ”  "JV^  j  (wVs.*’)«KkWf  ^vJijWWi^l-oaks.#,  oAtlnV,) 

t-  ^  if  r 

%  =  ‘4^  P^§(^)T2Pi 

^?='(4-c+«l)[-Cositvto-c+«i')3wlHiV(4-e+f|)(^c)* 

+swkWU-c+e,^|)i*f(l.<.+#^|W  ^ 

+*dt  W(t-e-«rt  OrfUtfU-c-*,)  &  ] 

a^-irt^  r 

« U-»el')  [  sU,  v  eV^ffe )* 

-  cafcvfo-CK)  ^  ] 

-U-C-<0[ Suii<  l*U-C- <r, )  60&  W*(<l-C- <*,)(  **)* 

"  *df  W  Ur  C-^  Mk  k+  fc- C  -  4  )  ^  ] 
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]  3utkV«.C0&WV4. 

-Ol(WJlt -k¥JU.^[^W0.C^Ul8v^(^')i,-«utllW(3L3>*AWW^  Iff  ] 

4*  [gjj  4-  (jp  Jl<4  3^  +IV  (3^)*]  CosUWA  *u i<  1*^. 

-4.  (~W^3  4*W  VASuck^A  (  "3^ )  +*6®stiV4to^W^  ] 

-A.(w^  4-  W*JWU  Cfl^lWA.  Co&  (1^  )*-  iuAt  WA.-saA*  ViV  ] 

—  JIc)[,*-3«h1i ^.CLauAlW^’A.t'^)  A-Co^W-A.  <Tp] 

g^m  —  i  I  <*x«\* 

-  L  l-af) 

/4X*\*  *  ;  .  iri*t^2  ; 

—  MlwW^M-tW  ~ 

•j-V*(»v‘-WMXfyWvJ-»KM)^  \ 

“If  *  M-sf ) 

4-  4 Vbi* [-WV( Jp* 4W*  )(  I- W,V, ) 

4- ^i W ( Va 4 W1' a) t - co$\i W^i « u<k W«ld  Vr^i aji] 
-a^,W4Wv^[*StMitW^  ftrtlkv^fi  (^)*+C6^V^^wV|  aj£]  j 
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*“h***4  *T  1* 

•  j  VtW+3\K1)J.V-(V*-WV,)Jlt }&kI»W-C*«Wc 

[-(iW’*4*f*)J»'+(W*-  ^.*5)  JL*]  swJ^U-c  0is.li  V*vc  | 
_ I _ 

-  (  3 ^  ^ ^ ^  Vr K V  ^ )  Jl f ]  W C  3L «< Vl  ^ C 

+ ^  l-  ( v*v  »tf«)  af  *  ( v-  *h3Jf  ]  Co^t  VC  «4| 

)  Jl*]  luj&lWCCasklafc 

4V[(*W*VWVa)3^  "  0«r -  W^)  3p  ]  Suxit  l«r  C  Cfilk  bi*C 
+  dv  [ -  (W\ l^)  Jto  4-  ( tarJ-  W+a)  Jl*  > 

•[-^WC^^C  (^)V4*C0&  fee  Cask  xp  ] 

+cfct*L-(jwVW*a)  JU¥  V  W-^)Jit]- 

•[coskWcc^k^c(^)+-si^Vc  3J  ]  1 
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I  ! 


Case  3  - 


W  *  <X  +•  L  ^ 

bt  =  Jb  A-  i  * 

JI5  —  l  JL5 

JL)  *  Soil^K  ( K-  C  V € i  V  ( ^-C Vf j')  -  [  stvtkV  ( 4.-C-  6 1)  V*iw<J  ^  ( 4  ~C~  €  1 )  ] 

Jtc  -  *mV*«  ( <L-C 4- «»' ^  ( ir c 4-  f  A V - l *uV **  ( A- - C - O  - 3u** p ( 4- C - f  ,} ) 

Jlp 

Jlo  —  <-  <Jl« 

JLo^  =  o((jl*  -Jlc')  Suilt***.-  ^(^-i  V  Jlc)swt.  5j&0. 

vXi  -  tjb  (-Oli  ^Jlc)  3u<k  2  o(fl.  -  ( JI5  -V  Jlc) 

4  m*  ^Y*1*-^* 

*Mklo<a.  Su*4p4.  * 

(*  swwVi a*X  VbsuA^O 

-  [  K^ iZ44  (-  K* 4-  ^  Jl©*  1  (# Sim.  - ^inVt -3* X 

-  2  (*%  ^  ^  [  « W*  p  ( x-  c  V  f ,’ V  ( x-  c  u  ( x-c + f, ) 


I 

*  ,  ^  -TT«mh 

SuA.  — ,—■  tfm  — r—  3ul  — ,  H  • 
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—  ~Z - -  nr 

4 _ 

Z^*1  -3*0140/0.31*13^4. 

•  |  ( 01  am.  3  p  c  -  H>3ihVi  2o/  c  )  [  *  p  Jl ,  -  ( «c2-  pi1 )  A?  ] 

-*pJl^(«/3u^a*C  +  pav*3p<:)  ^ 

V*.  ^-SCrf^jb*)  |  x23A**^-jb*3w<tt*oc*t  | 

3^  ~cj?( p-toc) 

G*  |  COr-C+^[o/tsvH.4^(A-*cV^Vjb^w4#<(4-CA-6^) 
“(a-c-e,')[x«m^&(4.-c-e1)  Vft3wtk^o<  C  o.-c -6=, )]  j 

(^)  *  Ga?  |  (^-c4-f^[o<-suA.4|bC4.-Ci4*fl)-^'SkMi(>ao((ci-c-Vfi>)] 

-(d-C-Ot^^^fCA-C-^VjbSudVi^U-C-f,)]  ^ 
a^-c^  |  ^>**1*3*4  -  [^v  Jlc}o/5a<.^^  ^ 

-44.C*Vp>  |  Jlc  ( i  ^SutkVo. -tf^jSa.) 


*  ^  * 
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+  [  3p  "  (3^)*]  ***  *f>4  4-  [3^?  *  Mk 

[(**-  p‘)  J*  V  («»v  f)  &}  1(  1 V  3wS(^4  -*«* 

-  [  ( «'v  p’) Ac  4 In’-  f)  Jtf  ]  1-sm.V1**  4  »M*p4.)  | 

^*-i5Pfwpn«-  <-WrY>  ^  ^ 

(<[j?)  m  4 Co"  |  ?<<p[(<<<.|»l)(awU,Kft*’W|k*<) 

+f,  («^pa)(«(,s^a|fc6l-^'sudki^f| )  | 
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•  j  -  (*3**  *pc  4- p***k a*C  }  Jit 

4. - 1- _ _ 

s«tk3*ca.5ut^pfl. 

•  |  -3gJ  Kp>(«3U*pc4p**k:uc  )jlJf 

4-C<  [ttfc^ap^jMtjpc.  - pU*Hp*) 3uilUo<c  ]a, 

-  (*3su**pc+ p'*utli3*c)1r]r 
-«p(oc*m.*pc  -psurdt  2*0(3^)* 

+  ^  C*  C  [  (*4 4-  p4 )  ( 1 4-  atuk^  c  -  *H.*  p C ) 

-(x^p^'SutVt’tfC  4.  jtvi'pc )]  \Xo 

+  *  p  [(**- p*)(  1 4*  sack  V  c  -  si** pc ) 

-  (**Vp*}(*iuk**c4- sut*pc^  j 


«a.G* 
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Non-Government  Agencies  (Continued) 


No 


Ryan  Aeronautical  Company,  San  Diego,  CA  92112 

(Attn:  Mr.  R.  Long)  . 

Sikorsky  Aircraft,  Stratford,  CT  06497  (Attn:  Mr.  J.  Ray)  . 

University  of  Oklahoma,  Norman,  OK  93069  (Attn:  Dr.G.M.  Nordby) 
Union  Carbide  Corporation,  Cleveland,  OH  44101 

(Attn:  Dr.  H.P.  Volk)  . 
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Grvnmsn  Aerospace  Corporation,  Betbpage,  L.I.,  NT  11714  .  2 

(1  for  Mr.  R.  Hadcock) 

(1  for  Mr.  S.  Das  tin) 

Hercules  Powder  Company,  Inc. ,  Cumberland,  MD  21501 

(Attn:  Mr.  D.  Hug)  .  1 

H.I.  Thompson  Fiber  Glass  Company,  Gardena,  CA  92049 

(Attn:  Mr.  N.  Myers)  .  1 

ITT  Research  Institute,  Chicago,  IL  60616  (Attn:  Mr.  K.  Hofar)  .  1 

J.  P.  Stevens  &  Co.,  Inc.,  NT,  NT  10036  (Attn:  Mr.  H.I.  Shulock)  .  1 

Kaman  Aircraft  Corporation,  Bloomfield,  CT  06002 

(Attn:  Tech.  Library)  .  1 

Lehigh  University,  Bethlehem,  PA  18015  (Attn:  Dr.  G.C.  Slh)  .  1 

Lockheed-California  Company,  Burbank,  CA  91520  .  2 

(1  for  Mr.  E.K.  Walker) 

(1  for  Mr.  R.L.  Vaughn) 

Lockheed -Georgia  Company,  Marietta,  GA  30063  (Attn:  Technical 

Information  Dept.,  Dept.,  72-34,  Zone  26)  .  1 

LTV  Aerospace  Corporation,  Dallas,  TX  75222  .  2 

(1  for  Mr.  0.  E.  Dhonau/ 2-53442) 

(1  for  Mr.  C.R.  Foreman) 

Martin  Company,  Baltimore,  MD  21203  (Attn:  Mr.  J.E.  Pavken)  .  1 

Materials  Sciences  Corp.,  Blue  Bell,  PA  19422  .  1 

McDonnell  Douglas  Corporation,  St.  Louis,  MO  63166  .  3 

(1  for  Mr.  O.B.  McBee) 

(1  for  Mr.C.  Stenbarg) 

(1  for  Mr.  R.  Garret) 

McDonnell  Douglas  Corporation,  Long  Beach,  CA  90801  .  2 

(1  for  H.C.  Schjuldcrup) 

(1  for  G.  Letman) 

Minnesota  Mining  and  Mfg.  Co.,  St.  Paul,  MN  55104  (Attn:  Mr .W. Davis). .  1 

Northrop  Aircraft  Corp.,  Noralr  Dlv.,  Hawthorne,  CA  90250  .  4 

(2  for  Mr.  Ralph  Verritta,  Zone  82) 

(2  for  Mr.  Brian  Butler,  Dept.  3855,  Zone  82) 

Rockwell  International,  Columbus,  OH  43216  .  2 

(1  for  Mr.  O.G.  Acker) 

(1  for  Mr.  R.  Gehrlng) 

Rockwell  International,  Los  Angales,  CA  90053  .  1 

Rockwall  International,  Tulsa,  OK  74151 . . . . .  2 

(1  for  Mr.  E.  Sanders) 

(1  for  Mr.  J.H.  Powell) 

Owens  Corning  Fiberglass,  Granvllla,  OH  43023  (Attn:  Mr.D.Mettes)  ....  1 

Rohr  Corporation,  Riverside,  CA  92503  . .  2 

(1  for  Dr.  F.  Riel) 

(1  for  Mr.  R. Elkin) 
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Government  Activities  (Continued) 
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ONR,  Washington,  DC  20362  (Attn:  Dr.  N.  Perrons)  .  1 

PLASTEC,  Plcatlnny  Arsenal,  Dover,  NJ  07801  .  2 

(1  for  Librarian,  Bldg.  176,  SARPA-FR-M-D ) 

(1  for  Mr.  H.  Pebly) 

Scientific  and  Technical  Information  Facility,  College 

Park,  MD  (Attn:  NASA  Representative)  .  1 

USAAVMATLAB ,  Fort  Eustis,  VA  23603  (Attn:  Mr.  R.  Beresford)  ....  1 

USAMATRESAG,  Watertown,  MA  (Attn:  Dr.  E.  Lenoe)  .  1 

USARESOFC,  Durham,  NC  27701  .  1 

Non-Government  Agencies 

Avco  Aero  Structures  Division,  Nashville,  TN  37202 

(Attn:  Mr.  W.  Ottenvllle)  .  1 

Battelle  Columbus  Laboratories,  Metals  and  Ceramics 

Information  Center,  505  King  Avenue,  OH  43201  .  1 

Bell  Aerospace  Company,  Buffalo,  NT  14240 

(Attn:  Zone  1-85,  Mr.  F.M.  Anthony)  . , ...  1 

Bell  Helicopter  Company,  Fort  Worth,  TX  76100 

(Attn:  Mr.  Charles  Harvey)  .  1 

Bendlx  Products  Aerospace  Division,  South  Bend,  IN  46619 

(Attn:  Mr.  R.V.  Cervelli)  .  1 

Boeing  Aerospace  Company,  P.0.  Box  3999,  Seattle,  WA  98124 

(Attn:  Code  206,  Mr.  R.E.  Horton)  .  1 

Boeing  Company,  Renton,  Washington  98055  (Attn:  Dr.  R.  June)  ..  1 

Boeing  Company,  Vertol  Division,  Phils.,  PA  19142  .  2 

(1  for  Mr.  R.L.  Pinckney) 

(1  for  Mr.  D.  Hoffstedt) 

Boeing  Company,  Wichita,  MS  67210  . . .  1 

Cabot  Corporation,  Billerica  Research  Center, 

Billerica,  MA  01821  .  1 

Drexel  University,  Phils.,  PA  19104  (Attn:  Dr.  P.C.  Chou)  .  1 

E.I.  DuPont  Company,  Wilmington,  DE  19898 

(Attn:  Dr.  J.  Plgolacampl)  Bldg.  701,  Chestnut  Run  Site .  1 

Fairchild  Industries,  Hagerstown,  MD  21740  (Attn:  Mr.  D.Buck)  ....  1 

Georgia  Institute  of  Technology,  Atlanta,  GA 

(Attn:  Prof.  W.H.  Horton)  .  1 

General  Dynsmlcs/Convalr ,  San  Diego,  CA  92138  . . . .  2 

(1  for  Mr.  D.R.  Dunbar) 

(1  for  Mr.  W.G.  Scheck) 

General  Dynamics,  Fort  Worth,  TX  76101 

(Attn:  Mr.  P.D.  Shockey,  Dept.  23,  Mall  Zone  P-46)  .  1 

General  Electric  Company,  Phils.,  PA  19101 

(Attn:  Mr.  L.  McCr eight)  . . .  1 

Great  Lakes  Carbon  Corp.,  NT,  NT  10017 

(Attn:  Mr.  W.R.  Been,  Mgr.,  Msrkst  Development)  .  1 
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NAVAIRSYSCOM,  AIR-950D . 

(2  for  retention) 

(2  for  AIR-530) 

(1  for  AIR-320B) 

(1  for  AIR-52032D) 

(1  for  AIR-5302) 

(1  for  AIR-53021) 

(1  for  AIR-530215) 

AFFDL,  WPAFB,  OH  45433  . 

(1  for  FBE/tfr.  P.A.  Permley) 

(1  for  FBS/Mr.  L.  Kelly) 

(1  for  FBC/Mr.  J.  Wood) 

AFML,  WPAFB,  OH  45433  . 

..(1  for  MBM/Dr.  S.  Tsel) 

(1  for  LTN/Mr .  R.L.  Rep son) 

AFOSR,  Washington,  DC  20333  (Attn:  Dr.  W.  Walker)  . 

DDC  . 

FAA,  Airframes  Branch,  ES-120,  Washington,  DC  20553 

(Attn:  Mr.  J.  Dougherty)  . 

NAEC,  Lakehurst,  NJ  08753 

(Attn:  Mr.  D.W.  Nesterok/Code  92713)  . 

NASA  (ADM),  Washington,  DC  20546  (Attn:  Secretary)  . 

NASA,  George  C.  Marshall  Space  Flight  Center,  Huntsville, 

AL  35812  . 

(1  for  S&E-ASTN-ES /Mr .  E.E.  Engler) 

(1  for  SAE-ASTN-M/Mr.  R.  Schwinghamer) 

(1  for  S&E-ASTM-MNM/Dr.  J.M. Stuckey) 

NASA,  Langley  Research  Center,  Hampton,  VA  23365  . 

(1  for  Mr.  J.P.  Peterson) 

(1  for  Mr.  R.  Pride) 

(1  for  Dr.  M.  Card) 

NASA,  Lewis  Research  Center,  Cleveland,  OH  44153  . 

(1  for  Technical  Library) 

(1  for  M.  Hershberg) 

NAVSEASYSCOM,  Washington,  DC  20362 

(Attn:  Code  035,  Mr.  C.  Pohler)  . 

NAVSEC,  Hyattsvllle,  MD  20782 

(Attn:  Code  6101E03,  Mr.  W.  Graner)  . 

NAVSHIPRANDCEN ,  Bethesda,  MD  20034 

(Attn:  Code  173.2,  Mr.  W.P.  Cauch)  . 

NAVSHIPRANDCEN,  Annapolis,  MD  21402 

(Attn:  Code  2870,  Mr.  H.  Edelsteln)  . 

NOL,  White  Oak,  MD  20910  (Attn:  Mr.  F.R.  Barnet)  . 

NRL,  Washington,  DC  20375  (Attn:  Dr.  I.Wolock)  . 
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